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EXECUTIVE SUMMARY

This work plan supports the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) remedial investigation/feasibility study (RI/FS) activities for
the 200-PW-2 Uranium-Rich Process Waste Group Operable Unit (OU). This work plan also
integrates the Resource Conservation and Recovery Act of 1976 (RCRA) facility investigation/
corrective measures study (RFI/CMS) requirements for the OU. The process outlined in the
work plan follows the CERCLA format with modifications to concurrently satisfy RCRA
requirements. The 200-PW-2 OU is located near the center of the Hanford Site in south-central
Washington State and consists of 24 RCRA past-practice (RPP) waste sites; 3 RCRA treatment,
storage, and disposal (TSD) units; and 5 associated unplanned release sites as defined in the
200 Areas Remedial Investigation/Feasibility Study Implementation Plan - Environmental
Restoration Program (Implementation Plan) (DOE-RL 1999a). The remedial investigation (RI)
focuses characterization on four of the sites that are considered representative of the OU. Three
of the four representative sites (i.e., the 216-A-19 Trench, 216-B-12 Crib, and 216-U-8 Crib) are
RPP sites, whereas the fourth site (i.e., the 216-U-12 Crib) is also a RCRA TSD unit. In
addition, two RCRA TSD units (the 216-A-10 Crib and 216-A-36B Crib) will be characterized
to support RCRA closure activities for this OU.

This work plan documents OU-specific background information, defines OU-specific
characterization and assessment activities and schedules based on the framework established in
the Implementation Plan, and identifies the steps required to complete the RI/FS and closure plan
processes for the OU. A data quality objectives (DQO) process was conducted for the RI to
define the chemical and radiological constituents to be characterized and to specify the number,
type, and location of samples to be collected at the representative sites and TSD units within the
QU. The results of the DQO process form the basis for RI characterization activities presented
in the work plan and the associated sampling and analysis plan (SAP) included in Appendix B.
The SAP includes an OU-specific quality assurance project plan and a field sampling plan for
implementing the characterization activities in the field. A waste control plan is included in
Appendix C. The waste control plan details the management and ultimate disposal of wastes

generated by the characterization activities.
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The 200-PW-2 waste sites received uranium-rich process condensate/process waste, primarily
from waste streams generated at the 221/224-U Plant Uranium Recovery Project, the Reduction-
Oxidation process facility, and the 224-U/UQO; Program for the Plutonium/Uranium Extraction
(PUREX) Plant, as well as at the 221-B (B Plant) and Semi-Works facilities in the 200 East and
200 West Areas. Most of the process waste sites {cribs and trenches) received uranium-rich
solutions from both the cold runs that used nonirradiated uranium and startup phases that used
irradiated uranium, prior to the operation of the three main plants. The process condensates were
vapors collected from thermally hot process steps that were condensed and subsequently

discharged to the ground.

A preliminary conceptual contaminant distribution model was developed for the 200-PW-2 OU
in the Waste Site Grouping for 200 Areas Soil Investigations report (DOE-RL 1997). Based on
this preliminary model and a range of existing, site-specific environmental data, conceptual
contaminant distribution models were developed for each representative site during the DQO

process.

The following statements are general conclusions regarding the conceptual contaminant

distribution model for these waste groups.

+ Effluent discharged to waste sites in the 200-PW-2 OU consisted of uranium-rich process
condensate that contained high levels of fission products. Major radiological contaminants
of potential concern include cesium, plutonium, strontium, technetium, and uranivm.
Nonradiological contaminants of potential concern include metals and some organic and

inorganic chemical constituents.

* Waste sites in this waste group, with the exception of unplanned releases, generally received
large quantities of effluent in comparison to vadose zone soil pore volume (volume of pore
space in a column of soil directly underneath the waste to the groundwater table). Of the
27 RPP waste sites and TSD units, effluent volumes exceeded soil pore volumes beneath
13 of the sites (i.e., a sufficient quantity of effluent was received to reach groundwater),

including all 4 of the representative sites and 1 of the additional TSD units.

200-PW-2 OU RI/FS Work Plan and RCRA TSD Unit Sampling Plan
December 2000 ES-2
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Effluent and mobile contaminants migrated vertically beneath the waste sites after release.
Lateral spreading of liquids and contaminants was lirited, but may have occurred in
association with fine-grained lithofacies such as the sandy sequence of the Hanford
formation, the Hanford formation/Plio-Pleistocene unit (?), the Plio-Pleistocene unit/early

Palouse soil, and the Ringold Formation Lower Mud Unit.

Contaminants with large distribution coefficients, such as cesium and plutonium, normally
adsorb strongly onto Hanford Site sediments, rendering them relatively immobile. As a
general rule then, these contaminants are usually detected in high concentrations near the
area of release. Concentrations generally decrease with depth and distance from the source
in the vadose zone; however, elevated concentrations may be detected where finer grained

sediments are present, increasing the residence time of migrating contaminants.

Uranium mobility is affected by the specific form of the uranium compound. The
distribution of uranium through the vadose to groundwater typically shows local significant
accumulations near the base of the structure (crib or trench), at the caliche interface, and
along fine-grained lenses. The elevated levels are due in part to sorption, porosity changes,

and the presence of elements or mineral compounds that act as reductants for most uranium

species.

Potential receptors (human and ecological) may be exposed to the affected media through several

exposure pathways, including inhalation, ingestion, and direct exposure to external gamma

radiation. Potential human receptors include current and future site workers. Potential

ecological receptors include terrestrial plants and animals. Future impacts to humans are largely

dependent on land-use designation, The type of future land use is not certain at this time, but

some type of restricted land use for the 200 Areas is favored by the U.S. Department of Energy,

the U.S. Environmental Protection Agency, and the Washington State Department of Ecology
(the Tri-Parties). All the sites within the 200-PW-2 OU are located within the exclusive land-use
boundary identified in the Final Hﬁnférd Cbmprehensive Land-Use Plan Environmental Impact
Statement (DOE 1999a) and the associated Record of Decision: Hanford Comprehensive Land-

Use Plan Environmental Impact Statement (DOE 1999b).
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Characterization activities planned to collect the required data identified in the DQO process for
the RI include borehole drilling and soil sampling and geophysical logging using spectral gamma
and neutron moisture tools. Soil sample analysis will be conducted by either an onsite or by an
offsite laboratory under a contract-required quality program. The sampling strategy is designed
to investigate potentially contaminated subsurface areas. Sample collection will be guided by

field screening and a sampling scheme that identifies critical sampling depths.

The SAP {Appendix B) directs sampling and analysis activities that will be performed to
characterize the vadose zone at the four representative waste sites and two additional TSD units.
The data will be used to refine the contaminant distribution models, support an assessment of
risk, and evaluate a range of alternatives for remediation of waste sites in this OU. The scope of
RI activities described in the work plan and SAP involves soil sampling and geophysical logging
of boreholes to obtain additional information on the distribution of contamination in the vadose
zone. Boreholes will be drilled to groundwater at the 216-A-19 Trench, the 216-B-12 Crib, the
216-A-10 Crib, and the 216-A-36B Crib. Boreholes will be drilled through the waste sites; soil
samples will be collected and analyzed for radiological and nonradiological contaminants of
concern and selected physical properties. During the DQO process, an evaluation of existing
data showed that no additional soil samples are required at the 216-U-8 Crib and the

216-U-12 Crib. However, existing boreholes in the vicinity of these two sites will be
geophysically logged for comparison to historic records as a cost-efficient method of assessing
potential changes in contaminant distribution. Table ES-1 summarizes the sample collection

requirements for the representative waste sites and TSD units to be investigated.

Table ES-1. Summary of Projected Sample Collection Requirements
for the 200-PW-2 Operable Unit.

216-A-19 | 216-B-12 |216-A-10] 216-A-36B |Project
Trench Crib Crib Crib Total

Chemical Parameters
Maximum number of vadose soil samples | 10 l 9 l 11 I 10 I 40
Detail of quality control samples

Co-located duplicates — soil 1 1 1 1 4

Equipment blanks - rinsate i 1 1 1 4

Approximate number of field quality control samples 2 2 2 2 3

Approximate total number of samples 12 11 13 12 48
Physical Properties

Bulk density, moisture content, particle sizedistribution]| 4 [ 2 [ 3 [ 3 [ 12

200-PW-2 OU RI/FS Work Plan and RCRA TSD Unit Sampling Plan
December 2000 ES-4
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METRIC CONVERSION CHART
Into Metric Units Out of Metric Units
If You Know Mulriply By To Get If You Know Multiply By To Get
Length Length
inches 254 millimeters millimeters 0.039 inches
inches 2.54 centimeters centimeters 0.394 inches
feet 0.305 melers meters 3.281 feet
yards 0914 meters meters 1.094 yards
miles 1.609 kilometers kilometers 0.621 miles
Area Area
sq. inches 6.452 sq. centimeters sq. centimeters 0.155 sq. inches
sq. feet 0.093 5(. meters $q. meters 10.76 sq. feet
sq. yards 0.0836 §q. meters $q. meters 1.1%6 5q. yards
sq. miles 26 sq. kilometers sq. kilometers 0.4 sq. miles
acres 0.405 hectares hectares 247 acres
Mass (weight) Mass (weight)
Ounces 28.35 grams grams 0.035 ounces
pounds 0.454 kilograms kilograms 2.205 pounds
ton 0.907 metric ton metric ton 1.102 ton
Volume Volume
teaspoons 5 milliliters milliliters 0.033 fluid ounces
tablespoons 15 milliliters liters 2.1 pints
fluid ounces 30 milliliters liters 1.057 quarts
cups 0.24 liters liters 0.264 gallons
pints 047 liters cubic meters 35.315 cubic feet
quarts 0.95 liters cubic meters 1.308 cubic yards
gallons 38 liters
cubic feet 0.028 cubic meters
cubic yards 0.765 cubic meters
Temperature Temperature
Fahrenheit subtract 32, Celsius Celsius multiply by Fahrenheit
then multiply 9/3, then add
by 5/9 32
Radioactivity Radioactivity
picocuries 37 millibecquerel millibecquerel 0.027 picocuries
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1.0 INTRODUCTION

The Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology

et al. 1998) identifies approximately 700 soil waste sites (and associated structures) resulting
from the discharge of liquids and solids from 200 Area processing facilities to the ground. These
700 sites have been arranged into 23 separate waste groups that contain Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) past-practice
sites; Resource Conservation and Recovery Act of 1976 (RCRA) past-practice (RPP) sites; and
RCRA treatment, storage, and disposal (TSD}) units.

This work plan supports CERCLA remedial investigation/feasibility study (RI/FS) activities for
the 200-PW-2 Uranium-Rich Process Waste Group Operable Unit (OU). This work plan also
integrates RCRA facility investigation/corrective measures study (RFI/CMS) requirements for
the OU. The process outlined in the work plan follows the CERCLA format with modifications
to concurrently satisfy RCRA requirements as described in the 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan - Environmental Restoration Program
(DOE-RL 1999) (hereinafter referred to as the Implementation Plan). The Implementation Plan
is summarized in Section 1.1 of this work plan.

The 200 Areas is one of four areas on the Hanford Site that are on the U.S. Environmental
Protection Agency’s (EPA) National Priorities List under CERCLA. The 200-PW-2 OU is
located near the center of the Hanford Site in south-central Washington State. The 200-PW-2
OU consists of 26 waste sites and 8 associated unplanned release (UPR) sites as defined in the
Implementation Plan (DOE-RL 1999). This was subsequently updated by the Waste Information
Data System (WIDS), bringing the current total to 34 sites. In the spring of 2000, an effort was
initiated to evaluate the waste sites identified in the 200-PW-2 OU following the waste site
reclassification process, as described in Tri-Party Agreement Handbook Management
Procedures, Guideline Number TPA-MP-14, “Maintenance of the Waste Information Data
System (WIDS)” (DOE-RL 1998). As a result of that process, waste site 200-W-23 has been
rejected as a duplicate of 200-W-22, and site UPR-200-E-40 has been rejected through
consolidation into a larger site, 200-E-103, which will be addressed under the 200-UR-1 OU.
Thus, site numbers 200-W-23 and UPR-200-E-40 will no longer be considered in the 200-PW-2
planning. The total number of sites remaining in the 200-PW-2 OU, therefore, is 32.

Of the 23 source OUs, the 200-PW-2 OU was assigned a higher priority because waste sites
within the OU have relatively high inventories of a mobile contaminant (i.e. uranium), and some
waste sties are known contributors to uranitm contamination in groundwater. In addition, the
OU includes RCRA TSD unit waste sites that required closure plans in the year 2003.

The 200-PW-2 waste sites received uranium-rich process condensate/process waste, primarily
from waste streams generated at the 221/224-U Plant Uranium Recovery Project (URP), the
Reduction-Oxidation (REDOX) process facility, and the 224-U/UQOj; Program for the
Plutonium/Uranium Extraction (PUREX) Plant, as well as at the 221-B (B Plant) and Semi-
Works facilities in the 200 East and 200 West Areas. Most of the process waste sites (cribs and
trenches) received uranium-rich solutions from both the cold runs (nonirradiated uranium) and
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startup phases prior to the operation of the three main plants. The process condensates were
vapors collected from thermally hot process steps that were condensed and subsequently
discharged to the ground.

This work plan contains the requirements for characterization of the four waste sites from this
QU that are considered to be representative of the remaining sites. Three of the four sites

(i.e., the 216-A-19 Trench, the 216-B-12 Crib, and the 216-U-8 Crib) are RPP sites, whereas the
fourth (i.e., the 216-U-12 Crib) is also a RCRA TSD unit. Two additional RCRA TSD units (the
216-A-10 Crib and 216-A-36B Crib) will also be characterized as part of RCRA closure
activities for this OU. The three TSD units are identified as interim status units under
Washington Administrative Code (WAC) 173-303. The current Part A Permit applications for
these units are contained in Appendix A. The logic for selecting sites from this OU to be
characterized is contained in Section 2.2. All six sites are identified in the Implementation Plan
(DOE-RL 1999).

The characterization and remediation of waste sites at the Hanford Site are addressed in the
Tri-Party Agreement (Ecology et al. 1998). The schedule of work at the Hanford Site is
governed by these Tri-Party Agreement milestones. The milestone controlling the schedule for
the 200-PW-2 OU is M-13-25, “Submit Uranium-Rich Process Waste Group Work Plan,” by
December 31, 2000. The Washington State Department of Ecology (Ecology) is the lead
regulatory agency for this OU. An associated milestone is Milestone M-20-33, which requires
submittal of the 216-A-10 Crib and 216-A-36B Crib closure/post-closure plans to Ecology by
October 31, 2003. (This date is currently under review for possible consolidation with the
proposed date for the submittal of the feasibility study.)

1.1 200 AREAS IMPLEMENTATION PLAN

The Implementation Plan outlines a strategy that is intended to streamline the characterization
and remediation of waste sites in the 200 Areas, including CERCLA past-practice sites, RPP
sites, and RCRA TSD units. The plan outlines the framework for implementing assessment
activities and evaluation of remedial alternatives in the 200 Areas to ensure consistency in
documentation, level of characterization, and decision making. A regulatory framework is
established in the Implementation Plan to integrate the requirements of RCRA and CERCLA
into one standard approach for cleanup activities in the 200 Areas. This approach, which
primarily uses CERCLA terminology, is illustrated in Figure 1-1.

The Implementation Plan consolidates much of the information normally found in an OU-
specific work plan to avoid duplication of this information in each of the 23 OUs in the

200 Areas. The Implementation Plan also lists potential applicable or relevant and appropriate
requirements (ARARs) and preliminary remedial action objectives (RAOs), and contains a
discussion of potentially feasible remedial technologies that may be employed in the 200 Areas.
This work plan references the Implementation Plan for further details on several topics, such as
general information on the physical setting and operational history of 200 Area facilities,
ARARs, RAOs, and post-work plan activities.
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1.2 SCOPE AND OBJECTIVES

This work plan provides details for characterizing chemical, radiological, and physical
conditions in the vadose zone soil at two RCRA TSD units and four other representative sites
(one of which is also a RCRA TSD unit) in the 200-PW-2 QU. This work plan documents OU-
specific background information, defines OU-specific characterization and assessment activities
and schedule based on the framework established in the Implementation Plan, and identifies the
steps required to complete the RI/FS process for the OU. The general approach to
characterization and evaluation of 200 Area OUs is outlined in the Implementation Plan.
Operable unit-specific detail is presented in this work plan, including background information on
the waste sites in this OU; existing data regarding contamination at the representative waste sites;
and the approach that will be used to investigate, characterize, and evaluate the sites.

A discussion of the RI planning and execution process for the OU is included, along with a
schedule for the characterization work. Preliminary remedial action alternatives that are likely to
be considered for this OU are identified in the work plan. These preliminary remedial
alternatives will be further developed and agreed to in the FS/closure plan(s), in the proposed
plan/proposed permit conditions to the Hanford Facility RCRA Permit, and in the eventual
Record of Decision (ROD) and Permit modification for this OU.

A data quality objectives (DQO) process was conducted for this OU to define the chemical and
radiological constituents to be characterized and to specify the number, type, and location of
samples to be collected at representative sites within the OU. The results of the DQO process
form the basis for the work plan and the associated sampling and analysis plan (SAP) included in
Appendix B. The SAP includes an OU-specific quality assurance project plan (QAPjP) and a
field sampling plan for implementing the characterization activities in the field. A waste control
plan (WCP) is included in Appendix C; this plan details the management and ultimate disposal
of wastes generated by the characterization activities.

After characterization data have been collected, the results will be presented in a group-specific
RI report that includes the specific RCRA TSD unit characterization. The RI report will include
an evaluation of the characterization data for the representative sites, including an assessment of
the accuracy of the preliminary conceptual exposure model and refinement of the preliminary
conceptual contaminant distribution model. The RI report will support the evaluation of
remedial alternatives and closure options that will be included in the group-specific FS/closure
plan. Remedial alternatives may be applied to any or all of the waste sites in an OU, and
different alternatives may be applied to different waste sites depending on site characteristics.
The schedule for assessment activities at the 200-PW-2 OU is presented in Section 6.0.
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2.0 BACKGROUND AND SETTING

This section describes the 200-PW-2 Uranium-Rich Process Waste Group OU. Waste site
information and the hydrogeologic framework associated with this OU is described for the
purpose of providing a fundamental understanding of the physical setting and potential impacts
on the environment. Information is presented beginning with the physical setting, waste site
description and history, and waste generating processes. The section ends with a detailed
discussion of each representative site and RCRA TSD unit. The representative sites and TSD
units will be characterized under this work plan and as guided by the analogous unit
investigation strategy defined in the Implementation Plan (DOE-RL 1999). Summary
information is provided on analogous waste sites that will not be immediately characterized but
addressed by future planning efforts. Information in this section is summarized from numerous
reports. The following represents a few of the more significant documents:

»  Waste Site Grouping for 200 Areas Soil Investigations (DOE-RL 1997)

o 200 Areas Remedial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program (DOE-RL 1999)

e B Plant Source Aggregate Area Management Study Report (DOE-RL 1993a)

o REDOX Plant Source Aggregate Area Management Study Report (DOE-RL 1992c)
o U Plant Source Aggregate Area Management Study Report (DOE-RL 1992a)

o Limited Field Investigation for the 200-UP-2 Operable Unit (DOE-RL 1995b)

s Focused Feasibility Study for the 200-UP-2 Operable Unit (DOE-RL 19953)

¢ Evaluation of Scintillation Probe Profiles from 200 Area Crib Monitoring Wells
(Fecht et al. 1977)

e PNLATLAS Database,

Certain subsections of this section contain information that will be used for portions of the
FS/closure plan. Section 2, “Facility Description and Location Information,” and Section 3,
“Process Information,” from a closure plan is found in Sections 2.1 and 2.2 of this work plan.
Section 4, “Waste Characteristics,” and Section 5, “Groundwater Monitoring,” from a closure
plan correspond to information found in Sections 2.2.3 and 3.4, respectively.
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2.1  PHYSICAL SETTING

The following is a synopsis of the geology and hydrology associated with the 200 Areas
inclusive of the 200-PW-2 OU. The 200-PW-2 OU is located on the 200 Areas Plateau, which is
a relatively flat, prominent terrace (Cold Creek Bar) near the center of the Hanford Site. Cold
Creek Bar trends generally east to west with elevations between 198 and 229 m (650 to
750 ft) above mean sea level (amsl). The plateau drops off rather steeply to the north
and northwest, and decreases more gently in elevation to the east toward the Columbia
River. Plateau escarpments have elevation changes of between 15 to 30 m (50 to 100 ft)
(DOE-RL 1992a). A north-to-south-trending flood channel bisects the Cold Creek Bar
and separates the 200 East and 200 West Areas. More detail on the physical setting
of the 200 Areas and vicinity is provided in Appendix F of the Implementation Plan

(DOE-RL 1999).

2.1.1 Topography

The 200 Areas, which contain the waste sites comprising the 200-PW-2 OU, are located in the
Pasco Basin on the Columbia Plateau. The 200 Area Plateau is the common reference used to
describe the Cold Creek Bar, formed during the cataclysmic flooding events of the Missoula
floods, which ended approximately 13,000 years ago. The cataclysmic floodwaters that
deposited sediments of the Hanford formation also Jocally reshaped the topography of the Pasco
Basin. The floodwaters deposited a thick sand and gravel bar that constitutes the higher southern
portion of the 200 Area Plateau. In the waning stages of the ice age, these floodwaters also
eroded a channel north of the 200 Areas in the area currently occupied by Gable Mountain Pond.
The northern half of the 200 East Area lies within this ancient flood channel. The southern half
of the 200 East Area and most of the 200 West Area are situated on the flood bar. A secondary
flood channel running southerly from the main channel bisects the 200 West Area. The surface
within the 200 West Area slopes gently to the west. The surface within the 200 East Area slopes
gently to the northeast.

The 200-PW-2 OU waste sites are located in or near the 200 East and 200 West Areas on the
plateau. Waste sites in the 200 West Area are situated in a relatively flat area in a secondary
flood channel. Surface elevations range from approximately 205 m (673 ft) amsl to 217 m
(712 ft). Waste site surface elevations in the 200 East Area and vicinity range from
approximately 189 m (620 ft) amsl in the northern portion of the 200 Area to 230 m (755 ft) at
waste sites just south of the 200 East Area.

2.1.2  Geology

Basalt of the Columbia River Basalt Group and a sequence of suprabasalt sediments underlie the
200-PW-2 OU waste group. From oldest to youngest, major geologic units of interest are the
Elephant Mountain Basalt Member, the Ringold Formation, the Plio-Pleistocene unit, the
Hanford formation/Plio-Pleistocene unit (?), the Hanford formation, and the Holocene deposits.
A generalized stratigraphic column for the 200 East and 200 West Areas is shown in Figure 2-1.
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The youngest member of the Columbia River Basalt Group is the Elephant Mountain Member, a
medium- to fine-grained tholeiitic basalt with abundant microphenocrysts of plagioclase (DOE
1988). Basalt is overlain by the Ringold Formation in the east, south, and central sections of the
200 East Area and all of the 200 West Area.

The fluvial-lacustrine Ringold Formation is informally divided into several units. This formation
consists of an interstratified sequence of unconsolidated clay, silt, sand, and granule to cobble
gravel deposited by the ancestral Columbia River. These alluvial sediments consist of four
major units (from oldest to youngest): the fluvial gravel and sand of unit A, the buried soil
horizons and lake deposits of the lower mud sequence, the fluvial sand and gravel of unit E, and
the lacustrine mud of the upper unit. The Ringold Formation is overlain by Plio-Pleistocene-
aged units in the 200 West and 200 East Areas.

Overlying the Ringold Formation in the 200 West Area is the locally derived subunit of the
Plio-Pleistocene unit, which consists of poorly sorted, interbedded, reworked loess, silt, sand,
and basaltic gravel (WHC 1994). The subunit is interpreted to be a weathering surface
developed on the top of the Ringold Formation (WHC 1994, Bjornstad 1990) and consists of a
lower carbonate-rich paleoso! (caliche) and an upper eolian facies (Slate 1996). The carbonate-
rich section consists of interbedded carbonate-poor and carbonate-rich strata. The upper silty
eolian facies was previously interpreted to be early Pleistocene loess and is referred to as the
early Palouse soil (Bjornstad 1990). Generally, it is well-sorted quartz-rich/basalt-poor silty sand
to sandy silt (BHI 19964d).

A recently identified unit of questionable origin, referred to as the Hanford formation/Plio-
Pleistocene unit (?), is reported in the northwest corner of the 200 East Area. This unit may be
equivalent or partially equivalent to the Plio-Pleistocene, or it may represent the earliest ice age
flood deposits overlain by a locally thick sequence of fine-grained nonflood deposits (Wood

et al. 2000). The Hanford formation/Plio-Pleistocene unit (?) is made up of two facies and has
only been identified in the 200 East Area near the B-BX-BY Tank Farms. The lower facies
overlies basalt and is described in Wood et al. (2000) as a loose, unconsolidated sandy gravel to
gravelly sand. These gravels contain 50% to 70% basalt and are similar to and often
indistinguishable from Hanford formation flood gravels in the absence of the second facies. The
second facies consists of an olive brown to olive gray well-sorted calcareous eolian/overbank silt
with laminations and pedogenic structures. However, it has also been observed to be massive
and void of any sedimentary or pedogenic structures. Where the Ringold Formation and Plio-
Pleistocene unit are not present, the Hanford formation/Plio-Plestocene unit (?) and Hanford
formation sediments overlie the basalt.

Glaciofluvial cataclysmic flood deposits of the Hanford formation are present in both the

200 East and West Areas. The Hanford formation consists of unconsolidated gravel, sand, and
silts deposited by cataclysmic floodwaters. These deposits consist of gravel-dominated and
sand-dominated facies. The gravel-dominated facies are cross-stratified, coarse-grained sands
and granule to boulder gravel. The gravel is uncemented and matrix-poor. The sand facies are
well-stratified fine- to coarse-grained sand and granule gravel. Silt in these facies is variable and
may be interbedded with the sand. Where the silt content is low, an open-framework texture is
common. The Hanford formation is locally overlain by veneers of Holocene deposits.
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Holocene-aged deposits overlie the Hanford formation and are dominated by eolian sheets of
sand that form a thin veneer across the site, except in localized areas where the deposits are absent.
Surficial deposits consist of very fine- to medium-grained sand to occasionally silty sand.

Silty deposits less than 1 m (approximately 3 ft) thick have also been documented at waste sites
where fine-grained, windblown material has settled out through standing water over many years.

2.1.3 Vadose Zone

The vadose zone is approximately 104 m (340 ft) thick in the southern section of the 200 East
Area and thins to the north to 0.3 m (1 ft) near West Lake. Sediments in the vadose zone are
dominated by the Ringold and Hanford Formations. The Hanford formation/Plio-Pleistocene
unit (?) may be present in a small area immediately above the basalt beneath the B-BX-BY Tank
Farm. Because erosion during cataclysmic flooding removed much of the Ringold Formation
north of the central part of the 200 East Area, the vadose zone is dominantly composed of
Hanford formation sediments between the northern part of the 200 Areas and Gable Mountain.
Areas of basalt also project above the water table north of the 200 East Area. The lower mud
sequence is the most significant aquitard in the 200 East Area and can be a significant perching
layer.

In the 200 West Area, the vadose zone thickness ranges from 79 m (261 ft) in the southeast
corner to 102 m (337 ft) in the northwest corner. Sediments in the vadose zone are the Ringold
Formation, the Plio-Pleistocene unit, and the Hanford formation. Erosion during cataclysmic
flooding removed some of the Ringold Formation and Plio-Pleistocene unit. Perched water has
historically been documented above the Plio-Pleistocene unit at locations in the 200 West Area.

Recharge to the unconfined aquifer within the 200 Areas is from artificial and possibly natural
sources. Any natural recharge originates from precipitation. Estimates of recharge from
precipitation range from O to 10 cm/yr (0 to 4 in./yr) and are largely dependent on soil texture
and the type and density of vegetation. Artificial recharge occurred when effluent such as
cooling water was disposed of to the ground. Zimmerman et al. (1986) reports that between
1943 and 1980, 6.33 x 10" L (1.67 x 10" gal) of liquid wastes were discharged to the soil
column. Most sources of artificial recharge have been halted. The artificial recharge that does
continue is largely limited to liquid discharges from sanitary sewers, 2 state-approved land
disposal structures, and 140 small-volume, uncontaminated, miscellaneous streams. One of the
approved land disposal structures, the Treated Effluent Disposal Facility (a liquid waste disposal
facility), is located 600 m (2,000 ft) east of the 216-B-3C lobe and receives plant-treated liquid
wastes from the 200 East and 200 West Area facilities.

While the liquid waste disposal facilities were operating, many localized areas of saturation or
near saturation were created in the soil column. With the reduction of artificial recharge in the
200 Areas, these locally saturated soil columns are dewatering. The downward flux of moisture
in the vadose zone beneath these waste sites decreased. As the soil column dewaters, the
moisture flux decreases because unsaturated hydraulic conductivities decrease with decreasing
moisture content. Residual moisture in the vadose zone, however, may remain for some time. In
the absence of artificial recharge, the potential for recharge from precipitation becomes the
primary driving force for any contaminant movement in the vadose zone.
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2.1.4 Groundwater

The unconfined aquifer in the 200 Areas occurs within the Hanford formation/Plio-Pleistocene
unit (?) and the Hanford and Ringold Formations. Groundwater in the unconfined aquifer flows
from areas where the water table is higher (west of the Hanford Site) to areas where it is lower,
toward the Columbia River (PNNL 2000). In general, groundwater flow through the 200 Area
Plateau occurs in a predominantly easterly direction, from the 200 West Area to the 200 East Area.

Discharges to the ground greatly altered the groundwater flow regime, especially around
216-U-10 (U Pond) in 200 West Area and 216-B-3 (B Pond) in 200 East Area. Discharges to
216-U-10 resulted in a groundwater mound developing in excess of 26 m (85 ft). Discharges to
216-B-3 created a hydraulic barrier to groundwater flow coming from 200 West Area, deflecting
it either northward through the gap between Gable Mountain and Gable Butte, or to the south of
216-B-3. As the hydraulic effects of these two discharge sites diminish, groundwater flow is
expected to acquire a more easterly course through the 200 Areas, with some flow possibly
continuing through Gable Gap (BHI 1997).

Groundwater in the 200 West Area occurs primarily in the Ringold Formation. The depth to the
water table varies from about 50 m (164 ft) in the southwest corner near 216-U-10 to greater than
100 m (328 ft) in the north. Beneath the 216-U-8 and 216-U-12 Cribs, the only two
representative sites located in 200 West Area, depth to water measures approximately 78 m

(255 ft) and groundwater flow is to the southeast. The surface of the water table beneath the

200 West Area is also currently declining at a rate of less than 0.5 m/yr (1.6 ft/yr). A pump-and-
treat system associated with technetium-99 and uranium contamination from the 216-U-1 and
216-U-2 Cribs has operated since 1994 as part of remediation activities at the 200-UP-1
groundwater QU and has treated over 350 million liters of groundwater (DOE-RL 2000a).

In the northern half of the 200 East Area, the water table is present within the Hanford formation
except in areas where basalt or the Ringold Lower Mud Unit extends above the water table.
Near the B-BX-BY waste management area, it occurs within the Hanford formation/Plio-
Pleistocene unit (7). In the central and southern sections of the 200 East Area, the water table is
located near the contact of the Ringold and Hanford Formations. The saturated thickness of the
aquifer is predominantly within the Ringold Formation.

Depth to the water table in the vicinity of the 200 East Area ranges from about 54 m (177 f) near
B Pond to more than 100 m (328 ft) at the BC Cribs. This entire area is within a region that is
bound predominately by the 124-m (407-ft) hydraulic contour interval to the west and east and
the 122-m (400-ft) contour interval due east of the BC Cribs Area (Figure 2-2). The water table
surface in the 200 East Area is very flat. The difference in groundwater elevation between the
representative sites in the 200 East Area is very small, and groundwater flow direction is difficult
to determine. Contaminant plumes in the 200 Areas suggest that groundwater flow is primarily
to the northwest and southeast. The location of the hydraulic divide between groundwater flow
directions is not readily discernible. The water table is nearly flat because of the high
transmissivity in the aquifer (PNNL 2000). The surface of the water table beneath the 200 East
Area is currently declining at a rate of less than 0.5 m/yr (1.6 ft/yr), based on water
measurements collected between 1998 and 1999.
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2.1.5 Summary of Hydrogeologic Conditions at Representative Sites

Lithology, stratigraphy, and general location information about each of the waste sites is
presented in this section. More descriptive information on the waste sites, their history, and
locations (including maps) is presented in the following section.

2.1.5.1 216-A-19 Trench. The 216-A-19 Trench is located just outside the eastern perimeter
fence of the 200 East Area, and is surrounded by other waste sites {clockwise, from south:
216-A-34 Ditch, 216-A-18 Trench, 216-A-24 Crib, and 216-A-20 Crib waste site). The ground
surface elevation is approximately 200 m (656 ft) and slopes to the north. The general
stratigraphy in the vicinity of 216-A-19 Crib includes, from the surface downward, the Hanford
formation (gravel- and sand-dominated sequences) and the Ringold Formation (Gravel Unit A)
(WHC 1992b). The stratigraphy beneath the site is shown in Figure 2-3 and based on data
collected from borehole 299-E25-10. The quality of geologic data from this borehole is very
poor.

Depth to water measures about 77 m (251 ft) and is approximately 124 m (407 ft} amsl. Flow
direction is difficult to identify because the groundwater gradient is very small, but appears to be
to the northwest.

2.1.5.2 216-B-12 Crib. The 216-B-12 Crib is located near the western boundary of the 200 East
Area, The ground surface slopes downward toward the north. Ground surface elevation is

~215 m (705 ft) at the southern edge of the crib and 212 m (697 ft) along the northern edge. The
general stratigraphy in the vicinity of 216-B-12 includes, from the surface downward, the
Hanford formation (sand and gravel sequences) and the Ringold Formation (Gravel Unit A)
(WHC 1992b). Ringold Gravel Unit E may occur in this area, but it is difficult to distinguish
from the lower Hanford gravel sequence. Lindsey (1995) showed it pinching out along the
western edge of 200 East Area, but no borehole geologic records were available to provide
stratigraphic control. The Hanford formation consists predominantly of sand, but contains
substantial percentages of gravel in the lowermost portion of the unit. The Ringold Formation
contains thick layers of river gravel intercalated with sequences of overbank silts and fine-
grained paleosols. The Ringold Formation includes coarse-grained fluvial Unit A (and possibly
Unit E) (WHC 1992a). The stratigraphy beneath the 216-B-12 Crib is shown in Figure 2-4.

The unconfined aquifer near the 216-B-12 waste site occurs in the saturated portion of the
Hanford gravel sequence (or Ringold Gravel Unit E), near the top of a mud unit, or below the
contact with the mud unit. The water table lies at approximately 123 m (403 ft) amsl and is
approximately 91 m (297 ft) below ground surface (bgs). The base of the unconfined aquifer is
either the top of the lower mud or top of the basalt. Below the mud unit, Ringold Gravel Unit A
forms a locally confined aquifer, which is approximately 24 m (79 ft) thick.

2.1.5.3 216-U-8 Crib and 216-U-12 Crib. These sites are located near U Plant and are near one
another in the southeastern portion of the 200 West Area. Because the hydrogeological
conditions are similar at these representative sites, they will be discussed together.

The 216-U-12 Crib is located approximately 610 m (2,000 ft) south of U Plant in 200 West Area,
and the 216-U-8 Crib is located less than 200 m (656 ft) north of the 216-U-12 Crib.
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The unsaturated sediments beneath the 216-U-12 and 216-U-8 Cribs are composed of
unconsolidated sandy gravel and sand of the Hanford formation, sandy silt and silt of the Plio-
Pleistocene unit, and upper Ringold silt and silty sandy gravel to gravelly sand of Ringold Unit
E. The unconfined aquifer is within the silty sandy gravels of Ringold Unit E and is
approximately 53 m (174 ft) thick. The depth to the water table is approximately 75 m (247 ft)
and approximately 138 m (454 m) amsl. The top of the Ringold lower mud unit locally defines
the base of the unconfined aquifer beneath the crib. The stratigraphy beneath the 216-U-8 and
216-U-12 Cribs is shown in Figures 2-5 and 2-6, respectively. Greater detail of the stratigraphy
beneath the crib may be found in WHC (1993).

Groundwater flows toward the east-southeast near the crib. The average flow rate has been
slowly decreasing as a result of a slight flattening of the water table in the vicinity of the crib.
The water table beneath this crib indicates that the groundwater flow is still toward the east-
southeast, but the average flow rate has been slowly decreasing as a result of a slight flattening of
the water table in the vicinity of the crib. The flowrate estimate for June 1998 was 0.03 to

0.1 m/day.

2.1.5.4 216-A-10 Crib and 216-A-36B Crib. These sites are located near PUREX and are near
one another in the southeastern portion of the 200 East Area. Because the hydrogeological
conditions are similar at these representative sites, they will be discussed together. The ground
surface is relatively flat, but slopes gently toward the north. Elevation of the ground surface is
approximately 220 m (722 ft). The general stratigraphy in the vicinity of these sites includes,
from the surface downward, a discontinuous and thin veneer of Holocene-age eolian sand, the
Hanford formation sand-dominated sequence, and the Ringold Formation. The Ringold
Formation contains thick layers of river gravel intercalated with sequences of overbank silts and
fine-grained paleosols. The Ringold Formation includes coarse-grained fluvial Unit A

(WHC 1992a). The stratigraphy in the vicinity of the two cribs is shown in Figure 2-7.

The unconfined aquifer near the 216-A-10 and 216-A-36B waste sites is in the saturated portion
of Ringold Unit A below the lower mud unit. The water table lies at approximately 122 m

(400 ft) amsl. The base of the unconfined aquifer is the top of the basalt at approximately 100 m
(328 ft) amsl. The top of the basalt is uneven and irregular. It was encountered 102 m (335 ft)
bgs at the south end of 216-A-36B, but not encountered in nearby boreholes drilled to similar,
and in some cases deeper, depths. Groundwater flow beneath the 216-A-10 and 216-A-36B
Cribs is towards the southeast at 0.003 to 0.48 m/day (PNNL 2000).

2.2  WASTE SITE DESCRIPTION AND HISTORY

Twenty-eight specific waste sites and UPRs within the OU are listed in Appendix G of the
Implementation Plan (DOE-RL 1999). This was subsequently updated by the Waste Information
Data System (WIDS), bringing the current total to 34 sites. In the spring of 2000, an effort was
initiated to evaluate the waste sites identified in the 200-PW-2 OU following the waste site
reclassification process, as described in Tri-Party Agreement Handbook Management
Procedures, Guideline Number TPA-MP-14, “Maintenance of the Waste Information Data
System (WIDS)” (DOE-RL 1998). As a result of that process, waste site 200-W-23 has been
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rejected as a duplicate of 200-W-22, and site UPR-200-E-40 has been rejected through
consolidation into a larger site, 200-E-103, which will be addressed under the 200-UR-1 OU.
Thus, site numbers 200-W-23 and UPR-200-E-40 will no longer be considered in the 200-PW-2
planning. The total number of sites remaining in the 200-PW-2 OU, therefore, is 32.

Of the 32 waste sites, 15 are located in the 200 West Area and 17 waste sites are located in the
200 East Area. All of the 200-PW-2 waste sites are located within the 200 Area exclusive land-
use boundary as defined in the Final Hanford Comprehensive Land-Use Plan Environmental
Impact Statement (DOE 1999) (Figure 2-8). Figures 2-9, 2-10, and 2-11 depict the locations of
the waste sites. The 200-PW-2 OU contains 3 RCRA TSDs, 24 RPPs, and 5 UPR waste sites.
Eleven waste sites received waste from the U and UO; Plants, 12 waste sites received waste from
PUREX (A Plant), 5 waste sites received waste from REDOX (S Plant), 3 waste sites received
waste from 221-B/Waste Encapsulation and Storage Facility (WESF) (B Plant), and one site
received waste from the Semi-Works Plant (C Plant). The 216-B-12 Crib received waste from
both the U/UO; Plants and 221-B/WESF operations. Summary information on 200-PW-2 OU
waste sites is presented in Table 2-1.

Most of the waste discharged to the soil column in these OUs was generated at the U, REDOX,
PUREX, WESF/221-B, and Semi-Works Plants between 1952 to 1988. The locations of these
plants are illustrated in Figure 2-12.

2.2.1 Plant History

The U Plant was constructed in 1944 and included the 221-U canyon building and

224-U Building. U Plant was based on the design of T and B Plants and was initially used to
train personnel for the bismuth/phosphate plutonium separation and purification operations
conducted in T and B Plants. During the training phase, only water was used in the plant
systems and no waste streams were generated. However, in 1951, U Plant was modified for the
URP. From 1952 to 1958, U Plant was used to recover uranium from bismuth/phosphate wastes
stored in the single-shell tanks for reuse in the reactor plants and for waste volume reduction at
T and B Plants. A later operation conducted at U Plant was the “scavenging” or precipitation of
long-lived fission products from the settling process before residual wastes were discharged to
the soil column.

The final operation of the U Plant was the conversion of uranyl nitrate hexahydrate (UNH) to
uranium trioxide (UO3). This operation was accomplished by calcinating the UNH in a batch
process within the 224-U Building. In 1957, the batch conversion of UNH to UO; was
renovated. The two calcinators previously used were removed and replaced with six newer ones.
The operation was updated to a continuous flow and the 224-U Building became known as the
UO; Plant (DOE-RL 1992a).

The UOs Plant operated from 1958 until 1972 when PUREX was put in “stand-down.” During
that time, the UQ; plant converted UNH received from PUREX and REDOX into UO; powder.
It was packaged at UQ;, stored, and sent off-site to the Oak Ridge National Laboratory in

Tennessee, and later to Fernald, Ohio. There the UO3; powder was converted to uranium metal
and returned to the Hanford Site’s 300 Area for fuel extrusion rework. The UQOj3 Plant resumed
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operations in 1984 to process UNH from PUREX, As the feed lines from REDOX and 221-U
were no longer in use, they were disconnected and capped in the UO; Plant. Operations of the
UQ; Plant ceased in 1988 (DOE-RI. 1992a).

The Reduction/Oxidation or REDOX Plant was the first continuous plutonium separation
operation at the Hanford Site. Not only did REDOX separate weapons-grade plutonium from the
irradiated fuel rods, but it recovered the uranium as well. REDOX was a solvent extraction
process that used hexone (methyl isobutyl ketone or MIBK) and aluminum nitrate nonahydrate
(ANN) in nitric acid to complete these separations within anionic resin columns. Plant
operations began in 1952 and continued until 1967 (DOE-RL 1992¢).

The PUREX Plant replaced the REDOX separation process. The PUREX process used a
recoverable salting agent (nitric acid) that proved to be economically more feasible, generated
less waste, and operated more safely than the REDOX process. The construction of the PUREX
or A Plant was completed in late 1955. The PUREX Plant operated continuously from
November 1955 until 1972, separating weapons-grade plutonium and depleted uranium products
from irradiated fuel. PUREX was put on standby from 1972 until 1983. PUREX restarted in
1983 and continued operations until 1990 when it was deactivated. Since the PUREX Plant’s
initial operation, it was modified to reprocess several types of fuel. These fuels included a
zirconium alloy (Zircaloy) clad fuel with various enrichments ranging from 0.72% to 2.1% of
uranium-235 exposed at various durations (300 to ~3,000 megawatt days per ton of uranium).
The different types of fuels yielded various types of products that included fuel-grade plutonium,
stightly enriched uranium and neptunium, uranium metals, uranium and plutoniuvm oxides, and
several thoria targets (DOE-RL 1993c).

B Plant was constructed in 1944. From 1945 to 1952, B Plant operations consisted of a batch-
wise, inorganic chemical separation of weapons-grade plutonium from irradiated uranium. This
was known as the bismuth phosphate/lanthanum fluoride process. From 1952 to 19635 it was
used for various waste treatment operations. In 1963, the 221-B Building began recovering
strontium, cerium, and rare earths using an acid-side, oxalate-precipitation process as part of the
first phase of processing for the 221-B Building Waste Fractionalization Project. This
processing at the 221-B Building ended in June 1966 to accommodate additional construction.
Waste fractionalization processing began again at the 221-B Building in 1968. This process
separated the long-lived radionuclides, strontium-90 and cesium-137, from high-level PUREX
and REDOX wastes, and stored a concentrated solution of strontium-90 and cesium-137 at the
221-B Building. In 1968, B Plant underwent renovations and WESF was added. Waste
fractionalization and encapsulation efforts continued until 1986 (DOE-RL 1993a).

The Semi-Works Aggregate Area was composed of two primary facilities: the 201-C Process
Building and the Critical Mass Laboratory (209-E Building). The 201-C Process Building was
the main processing facility for the Semi-Works Aggregate Area. During its history the

201-C Process Building went through three distinct operational modes. The 201-C Process
Building was constructed in 1949 as a pilot plant for reprocessing reactor fuel using